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1020030010704 %■^ 'U^}: 2003/5/30 

^ Tfl^lH >5*l2.i(dual gate CMOS) ;*flS ^^<^l^isl 

(poly depletion) 7fl^«J-i^^ 7^^mt\., yfl^l^ ^ ^igo^ ifj-i^^ TflolB l-Bl^Sl^^]- 

^4. STI 7]^ S^^^ ^l-ol7> 0 <>M7} ^€-4. 

£ 3d 
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1020030010704 %^ <a^>: 2003/5/30 

TflolH ^SL^i ^]Si ^^«^1>H^ i^l-sl^ 711 {Method for improving 

poly depletion in dual gate CMOS fabrication process} 

£ la ^ i£ Ib^ TllolH^ ^^ofl §E) ci^-ej^^ ^^^1-71 ^tb 

£ 2a ^ £ 2b^ ^11^ ^<^] ciss]^^ ^^^>7l ^tl: 

H 3a ^:^] S. 3d^ ^ ;^11^aHH rcl-^ m.^ ^^^^ 7fl^«J-'^^ ^^^> 

71 ^tl: 

£ 4^ <^l^^<aAl S-f^oll Tr|-€- Jl^^ ^'^^>7l ^*1: ^4 ^ 

^^l^E-lol ^^^oj- ^T^^>7l ^t^l- HSllH. 

6a ^ S. 6b^ ^ ^'^^ ^IS^AHHl 4^ 1-Bl t^ll-s^^ 711 ^d^^>7l 

^tb 

£ 7a ^fl^l S. 7e^ ^ ^HH^aHHI tcf^ s.^:] rq^sl^?! 7ll^«J-^^ -gt^*]- 

71 ^tl: 

* ^^oil clltl- -^^^ * 

31.61,71 : ^Bl^ 71^3: 32,62,72 : STI ^S}-^ 
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33,63,73 : ^E^tf. 34 , 64 . 74a , 74b : 

35,75,77 : N+ oj^^oj v}^3. 76,78 : N+ ^l^^^a 

>5*ls.^(dual gate CMOS) ^12: ^^-^Mi^l l-B^ T^l-el>5a(poly depletion)* 7fl^Bl-7l ^ 

tflt!: "i}:^^^ ^ ^fttt -^3}- TllolH^A-l A^Sl^ ^«-:8:l ^^x\ 

An H^^}"^. at!:, ^^1 a-:^^<^l TflolH^ <y(P), wl^(As) % 

-g-^(B) -^^ iE^H(dopant)l- ^^il}-^* ^^§>:a ^cf. 

>5<l£>i(CM0S)fe NMOSSsf PMOS S^^il^i N+ l-sl^e^^ TflolBl- ^^^*> 
^cf. ^fitil, tiVS^l ^^>^ Jl^^sj-ofl nl-E^- PMOS '^g^'^llAi ^>^m (count 
doping)<Hl s^tb ofll- (buried channeD^l ^^^^^S.>«) A^\% -n-^^>fe 

^^11^M(Short Channel Effect)7> ^tfls)^ ^;<fl^<^l ^'^S^M] "^"^A . 

<>]ol1, ^e^ll^ NMOS '^g^'^l^ N+ Tfl^^lHl-. nelJl. PMOS <=g^<^l^ P+ 

#s1^El^ TflolHl- ^^^^m ^% TllolH >^l£:^i(dual gate CMOS) 
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^HI^VtII, ^7] TflolH N+ l-e1^s1§^ NMOS^ TflolH 

^>-§-^>Ji, P+ #Bl^el^-i- PMOS^ 7\]o]^ ^V-g-^V^ av^^fl ^12: 

TllolB #^S>^i til;g:i^e|^(undoped a-Si) 

(doping poly-Si)^ ^, NMOS 7\]^]^ ^ PMOS 7fl<^lH ^q-z]- 

>H £^B(dopant)s1 ^^o] ol^o^^^^^s. ^ :^Ai:(thermal diffusion) 

(dose) <Hm^1 (energy) n^JL, <^ ^^si] -^^ ^ofl s^^a^ 

2^^(poly depletion)*^] ^^5^ ^ SZi^f. 

^^i, a1 ^( inversion) A] 7l7l ^^a] tIIoIh^II ^7>5]^ ^«-7> 1- 

JL, ^7]^o^S. 7\]o]B. ^<^n^ ^^^]7} ^7}^}7]] s\o] ^ ^^(on current)7> ^dLS)^ 
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1020030010704 ^^ 2003/5/30 

efficiency)c>l Sinf. 91^^^]^ 7]]o]s. ^flsf) a] (accumulation)^!^ 

TllolB ?1)3flAl€^i ^-^^ q-fe His. SAlslD^. o] u]^^ 95% -B-^l«fl<^> ^ 

(thermal budget <>| 

Cll-5l>5d^ Tllol:^ ^^o^ ^^6\] ^7>^ ^ ^Cf. ^^^^-^ 

S. 0.2/an ol§>oi TflolH ^o] gc^ ^xj]m\] 7]^^^^^ 7\]^]B. ^n^^] ^ 

^ l^}^^ ^^^^ ^]^^] ^<^1 ^ #^ ^<>ll 7]o]^ ^7}^<^ cll-el^o] ^7> 

£lo! 1:^1-5]^^ 3:^]-^^ 'y^^^.^S. ^cfl^cf. ^7] 7]]o]b, ^o] ^ ^oj ^^o,] 

^^S^>^ 3^>€^ ^^^^^ <a=^^ ^-^2). ^ 7}^] T^^Vq^-^l 7l^t!:^-. 

TflolB^ ^o] 7]-;g-;^>ejoi]A^^ (fringing) ^^^l^fl ^7}^o] 

^^^^ ^^S^t^. ^1^. TflolH ^ol7> :7l s^^i ^^^jofl 0:1.^ 7>^^>b! 

£^ Jl^^ 7ll<5lH ^d<=>]7} (C. -H.Choi, at. al., IEEE 

Electron Device Letters, Vol 23, No. 4, p. 224. 2002) 

S. la ^ Ib^ TflolH 4^ cll-el-a^ 'a^*l-7l ^t!: S^^S^i, 

<^7lA^, iE^^:£ 11^ ^e!^ 7]^, 12^ Tflols 13a ^ 13b^ 

1-el 711 oiH, 14^ c!#B!^ '^g^, ^e^^ii, 15^ ^«fl 4'7>5l^ 7l-^;^>5l 

^^^^ t^B!-^^. 
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<24> W}9\- ^O], ^^^1 ^jE.oll 7}^^?-}^ ^^^^^ 711o1:e ^M-o] 7^^^ 

1- ^ ^-^Dl, <^>^sl, Jl^ Stl: TflolH ^^<=>] u^ci]- 

<25> ^i-;?^, STI (Shallow Trench Isolation)^! ^■%-c>\] v^m, 

TRISI-NWEdrench Isolation Step- Induced-Narrow Width Effect)^ 9m ^^^^^ ^ 

^ ^t:^. (Young Kim, et.al.. IEEE Electron Device Letters, 
Vol. 23, No. 10, p. 600. 2002) 

<26> £ 2a ^ £ 2bfe ^11^ ^■o\] tt)-^ ^^*>7l 

7]^^, ^^^s. 21^ ^e]^ 7l^, 22^ STI 23a ^ 23b^ ^fl^, ZLe^jEL, 24^ 

<27> iEA]^ «>sq- ^ol, ^5^^ 7m(21)il- STI ^S^^i22m^ ^o] 2., eFH 

(Effective Fox Height)^ 7>^1d^, ojo)] rt|.ej., l-E^^el^^l ^S. 

^(conformal) ^^1- ^-a^ x^&<^] STI '^s[n(22)3]- ^ll^(23a, 23b)^ ^l^oll 

^5t!:i=l-.(£^'^l>^i 91^^ *^^) 
<28> olnj), #B^^Sl^^(24)^ ^^17> #7>f- H>^- J^^oljA^o] cll-fi^^^ 

^^^€4. ^11^ ^<5l 7}-^X>E) tq^B^A^o^ ^7>S. Afl^oflAl 

^ ^5 ^7}S\E.S. £^ Jl^^ ^i^>7fl ^Cf. 
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^ ^^(variation)£ ^7}^}7\] ^cf. i^e^-A-l , ji^^s|-7> ^'^^ ^^^^ ^^^^ 
^(Vt) ^efl^i cll-Bl^^ ^cf c-l ^xitb 7fl^o] HA^l-c]-. 

<30> <^1^cil, 0.14//m^ c^l^V^I FCMOS SRAM /^>-§-5l^ ^ H^^l^Eil-^ 3^1-^ 

<32> att, ^ Jl^* #7H7l^ ^-ir ^ 



4^ oi :!=i JB. 



<33> ^V7lSf ^2^^ ^^^^>7l ^^l-<^, ^ NMOS "^^^^ PMOS 

^H]^ 71:^5] ^^d\] STI ^^^^>^ ^^l^q-. ^7] STI ^3?-^* 5L 

^el^ 7]:^^ NMOS '^g^^l- PMOS <^^<H1 i:fl-g-sr>^ ^ #el^e1#^ ^^<Hl N 
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^ l-^l-^^l ^^^-^^ <^l^^'a^ ^^^^^^^ TflolH ^^^^ ^Bl^^V^ ^ 
ejs. 7i:^cq j^os N+ 7llolH», :i^JL, ^el€- 7]^^ PMOS *^^<^1 

(P)^ l~2>10l6/cBf^ S-fSS ol^^'a^V^ ^^-^^ TflolH ^IS^i 

<H7lAi, ^71 STI ^iSl-BV^ ^S]^ 7]^ -B-Cf ^Tfl ^^^^€4. ^oM 

€r^^ 1900~2100A^ ^^S. ^^^^}^, l-el^e^^n^.^ sTI -^-21-^4 7] 

St!:, ^-B- ^2^* ^^^^1-71 ^sH, ^ NMOS PMOS ^ 

^^€r 7]%^ ^±<^] STI -a:^^^ ^71 STI >J0:2|-^ 

# i^tl: 7149: >a-<^l 7\]o]^ ^HlS. ^^^^^ ^^l^^-. 

^7] ^E]3. 7i^o^ NMOS <=g^32)- PMOS tfl-g-^V^ z]- #el^5l^B]- 

"^1 1-^1-4 1:^1-^ 'Sd^^-^S ol^^og^].- ^^isq., ^V7l <:g^ 1- 
^# ^ P^ 1-^1-<^1 ^^^-^S. TllolH ^^^^ ^Bl^^V 

^el€- 7l^^ hMOS -^g^oil N+ l-2l^el^ TflolB*. nelJi, ^e)^ 7]^^ PMOS ^ 

^ofl P+ #El-^2l^ 7llolH» ^^^^>^ ^7ll» i^^H, ^1-71 #Bl^Sl^°l-^ 1600~ 
1800A^ ^TllS. ^>^§*>^ sr}^ TflolH M]3.^:i € 

el ^^^^ 7fl^«J-'^# ^l^t!:!^. 

7im-7>, ^>7l5f ^al^ ^^^^1-7] ^^H, ^ NMOS^^^ <^^4- PMOS 

^sl^ 71:^2] ^^oil STI -a:^^* ^^14. ^7l STI 
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^^1^. ^7] ^El# 7]^s] NMOS ^^51)- PMOS <^^<^1 cfl^^Vfe z^- l-el^&l 

3jlE]^^H ^sla. 7140:0^ NMOS N+ l-el^&l^ TflolBl-, =l^JL, 7]^ 

^ PMOS '=^'^^] P+ TllolHl- ^^^^m 5Lf-*H. ^7] STI -^rsl-B^-^ 

>a-7l STI -tt^^^ =L CMP^ ^7>A]5?^ ^^^^>71M-. 

-^7>«fl^^, ^715^- ^>a«>7l ^*H. ^ NMOS 

PMOS ^Bl^ 71:^31 ^^ofl STI -arS^^^ ^>a*>^ ^^1^4. ^7l STI 

AV^p^^ if-tl: 7l^ >^oil TllolB ^'^^^ l-el^e^^^-a: ^Vs^l^ ^^^^Vfe ^ 

^1^, ^^7l ^Sl^ 7]:^^ NMOS '^•^^l- PMOS '^^<^1 cfl-§-sr>^ 

^ ^^^] m p^ ^^^0.3. ol^^oj*]-^ ^n^, ^7l ^S. 

sflEi^^H 7]^^ NMOS '^^ofl N+ tIIoIb*, nelJi, 7]^2\ 

PMOS <^^'^1 P+ «2l^el^ TllolHl- S^^M. ^7] ^Hl^s^s^-^ 
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<39> <^7]^^, ^7] l-Ej^E^^n^o. ^^^y 1900~2100A<>1 ^^^^H, H ^ 

<41> (^Al<^l) 

<42> ole>, ^w.^ ^i^ofl ^S€r>c^ ^ ^^2^ Hl-^^t!: ^M^}^] ^^^>£^ 

<43> §e] t^l^el^a^, «>s+ ^o], l-al^s^^^ ^fl2^ s^ofl 2l«fl ^ 

e1^^ £^ Jl#^ #^<^1 n^-e]. ^7]-* ^ ^ 

<44> >a-7l JL#^ ^<il7l ^tb ^ ^^^^ 7l^^ ^el^ tq-^s^ Vil 7>7llS. 

1=1-. N+ ol^^SJ^l £^^(dose)* #7l-Al^ £^ JL^^ #7>Al^i:l.. , n+ 

^ ^ ^^l^^'a <^ei ^TJlS. ^el ^^^V<^ ^^^^ £^ Jl^# #7>a1^ 

<45> ol^HlA^^ z^- 7l#^ ^-g-tl- ^ ^'^Sl t:11-2^>a 7fl^«J-^l:Ol 

<46> [/^ll^Al<i^l] 
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iE 3a -£ 3d^ ^ :^]i^X\6^]o\] n)-^ ^e) ^^^^ 7ll<Jd«^^* ^^*> 

£ 3a» ^S*>iS. NMOS ^ PMOS «^^^ 7l:sa:(31)* i^>^*>^-. 

Hficf^, 'a-^l ^^€r 7]^(31)^ ^= STI nl-el- STI ^0:21-^(32) 

^ ^^^s>ji, ol» -f-^, NMOS ^ PM0S7]- ^^^^ ^E^a. cg^css)^ tt^^tb^-. <^M, 
STI 'a:Sl-^(32)^ K^o] 71^(31)5] <^^(33) ^t:}- ^A] 

S. 3bl- #2:sr>^, STI 'LV^^(32)^ i^tb 71^(31)^1 711 olB 

^o^n1.(_£Alo>^)^ ^A^^].j7, o^olo^, TllolH ^Hl 1900-2100A, V]-^^t}7\] 

2000 -¥-^15. 711 olH €Bl€2l^^(34)* '^l^. STI -^^^(32)^1 Si^3!\. 

^5]^ 71:^(31)^1 o«E]a. cg^(33) 5.ia^<^l ^3=31 EFHl- ^o^S. 
^(34)^ -^-71 STI <J:5|-^(32)4 ^-^Bl^. <:g^(33)^ ^1^(91^^ 
^^7} n. o]^ xl^ :a.cl- ^l-tfl^ o.^ ^^711 ^cl-. ol ;^ o.^ ^J-cfl^ o.^ ^^711 ^^1- 
^ -^^"^lA-l ^11^ ^ ^4i<Hl ^7> rq^el^ol ^^5^ 4. o;^!::^. 

£ 3c# l-el^Bl^si-(34) ^<^1 ^;^lsl ^^<H1 tq-el- n+ '^l^^'iJ 

• fl-^i3(35)l- ^^^tb^. ^7l N+ ol^^og D>>,3(35)^ 71-31^1^1 

^Bl^^ iflofl i3>^3]§>7ll ^(Phosphorous)^ ^^l^^^tb^;!-. ^M. # 

Hfl^ N+ ol^^oj^ olfil cfls^ 5>10l5/ciif(=5E15)S *><^ ^^^>^1^. ^ 

oil^^o^ N+ <^l^^<a^ 91^ £-^2.1- cfl^ l~2>10i6/cnf, yl-^3i^>7l1 l>10i6/cnf(=lE16)S. 

*H <^1^7ll ^}^, ^7H ^oV^o] l^l-Sl^ol <2^^l5lal, 

n^-El-^-l, ^^^Wt) 91^^ ^ -a 711 ^1=1-. 
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S. 3d* ^^^V^, ^1-71 7]^ 800TC o]^^ ^^S. 71-1^1-0^ 

^tb ^-f*, :3.slZL, N+ ol^^^a^lsl 1E16-^S ^ 

M}9^ ^o], 1E16-^^ ^^t!- ^-^71- 5E15S. 

£^ jL^ol ^7>sl^^^ 1: ^ o^z^, ^. £-^^1- 5E15S. ^^tb #211^ 

1E16-^S. ^ .^-f^ TllojE ^ol7V ^o|-^o]l:£ 1:^*1- Jl Jl^ 

^^l:^iBl^ ^^^^a- ^^sl-71 ^JI)- HEfl^Olcf. <^7]^^, ^ 7}^] H 

nH^l:±iE^^ 3.^ TllolH ^^1^ 0.2^ o]t}, :=LS]JI, TflolH 0.2/an ^^^^}:^] 
s\o] 3^>^^ c^l-s^^ol 143^14^ NMOS H^^l^iBlcltq.. lEie^S. *><^ 

^-?-7> iE-fS* 5E15S. ^-f a.^- ^w}-^^ ^^^^(Vt) ^^o] 

^dt^V^JiL, ^^1, 90% ol^<H]A] i4e]-i4^ tfl^(tail) ^^7} iE-^^* 1E16 
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1E16^^ ^^<H1^ tV^^'^l ^^^-^j-CVt) ^B^7l- 7>^^>nf^ "a: ^ Sicf 

<55> ~ SE^, lEie^S ^}<^ ^-ffe 5E15S *><^ ^-f 

w]H 5ll«a(bit fail)2l ^^ofl 7l«?l§l-<^ 7fl>a^cl-. 

<56> [^12-^A1<:^1] 

<57> ^ ;^l2^Al<^lcHl Oj-si^, N+ ^^1^ ^Efl^ .^.4 

#2fl 1900~2100A, w>^^§>7ll 2000A^ ^^S. ^^3, ^ ^'^^ Tfl 

f>lH 1600~1800A ^^1^ ^^^^]^ 

<58> o]^7fl ^l-^a, N+ ol^^'S^ ifloil ^ 

<59> [^13^A1<^1] 

<60> £ 6a ^ £ 6b^ ^ ^l-s)^ 7fl^«^-^* ^^^1-71 

^t!: «=^7lA|, £1^-?-^ 61^ -^el^ 71:^. 62^ STI 63^ 

<6i> ^ ^i^o^ ^is^Alc^jo]] i4sig, i^#5l^^ EFH# ^'Hl ^«fl 7fl^^ 

1=1-. ^, ^ ^"^S] EFH^ 0 <^ms. S^tl-t^. 
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<62> s. 6a^ EFH7> 0^ ^-fS^i, l-sj^el^Bl-(64)ol ^^^^^]^ ^^-Br STI S-H 
(moat) ^^<^] ^^^s\B.S. 7>^;^>el<^lAio^ ^7^91 ^^^^^ ^ 

<63> £ 6b^ EFH7> 0 ^-fS-^i, l-e|^el#^(64)2l ^^Eig s.>^jofl 

<64> ^7] EFHl- S^*>7l ^ ^^31 ^Ale^lA^^ STI ^^^(62)^ ^^^Al 7J ^ 

^(gap filling) CMPCChemical Mechanical Pol ishing)<^l a] h ^IL^1# ^7>Al7l 

7llo]H ^^^^ o]^ ^^1<^1A] >oz|^ STI 

Bi-(62)S1 S.^^ Bl>Hli^i(recess)Al^cl-. olufl, eFH7> 3i)-S.^>7ll ^6>^ ^g-f , INWE 

<65> [^14-^^1 

<66> ^ ^^Sl ;5ll4^Alc^loll icl-s^. l-el^el^^Sl ^ ol^^og^ ^<^£ 2^ o] 

<67> £ 7a ^fl^l £ 7e^ ^ ^14^a1c^]o1] 14^ ^^^^ 7l]^1j-^^ ^i^^> 

7l ^^iEolcf. 
<68> i 7al- ^2:s:>^, NMQS ^ PMOS ^el^ 7l:^(71)S] <^^<H] 

^^1^ ^^<^1 ^-^E^w. <^^(73)-i: t!:^^s>^ STI ^1:31-^(72)^ :3.BiTi|.^ 
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. ^7] STI ^5l-^(72)^ ^-^^ ^^€r 71^(71)5^ TflojH ^^^(£^10].^) 

* ^^^tb ^, -^7] 7)1 olH ^<^1 ^l^^^^^^ma)-^ ^^W. ^7] ^lll- 

el^el€-q-(74a)^ o.^ <gji;^l- ^i-^ TflolB €H]^e1^^ ^^1 irflwl ^«]: ^^Is. 

^aj-^cl-. <^]^i:-ll, TlJojE ^7?\]7} 1900~2100A. «>^^^]-7fl 

2,000A<y ;^lll-el^el^5]-(74a)sl ^^j- -^tJ]^ ^tij-oi] ^x^3:>^ looOA ^^S. 

£ 7b» ^S^V'S. ^Ill-^^e^^^(74a) ^<^1 N+ ^l^^S^ ^ViS(75)» 
tVt:]-. nflcf^. vslll N+ <^l^^*a ^>^3.(75)<^] ^tfl 7>^;^1;^1 ^Hl-^l^el^ 

^ -^^ vflofl 1-^1-, <^l?ic|l. ol^^'at!:!^. 76^ N+ 

M^ll- #^<^> tb^. <^H, <^1^^^ <^m^ll- #<^l7ll slTg, 31^ ^^XARp : standard 
deviation of spread)^. ^±.^}7]] ^S.S.. M.^ 7}^^% '=>]^^'U ^ ^ 

711 ^^1, 1 ^^<Hl^i £^H7> #e)^el^ «>^7>^1 ^-ar^ 

£. 7c» #2:*>^. ;^lll N+ <5l^^^ ^>i3l- ^iTltb ^EfloilA-l, ;«flll-el^el^Bl- 
(74a) ^oil ^l2$el^sl^B]-(74b)* #^^4. ^7l ^I2#el-Me1^^(74b)^ ^Jl^V 
^ ^^1 tfltil >5llll-el^el§^(74a)^ ^^^1» ISE M-^^1 

^^1, <^mcll. 1000 A si ^7)1 S. 
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2> £ 7dl- ^l2l-Bi^e|€-^(74b) ^12 N+ ol^^<a v}^^3_(77)^ 

^I2#s1^e|^^ -^^ ifl<^l ^di^ o]^^ 

^ ^^^«^H ^11 ^ ^I2#5l^el§^(74a. 74b) S^lHl-^ 1 ^>?:V 

^l^cf. o^7lA-], «^^^ c^-^l o>^ ^^^ol s]T^, 

^11 ^ ^l2l-Bl^Bl^^(74a. 74b) i^<Hl^-1^ ^^^"^I £^ J:^^ ^7mc1-. 
{^^^ Ml 
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m^^^ 11 

NMOS ''m^ PMOS ^e]^ y]^^ ^^^] STI ^2)-^i-o. 

STI ^-^^ 7]% ^<=^] 7\]o]^^<^^^- ^} 

^7] ^Bl€- 7]:^^ NMOS ^m^- PMOS '^^<Hl cfl-§-*l-^ ^ ^^^^€r^- 

^7] ts. 1:^1- ^ P^ 1:^1-<^1 >Jd^^-^S ol^^oj^ 

^s]^ 7]%s] PMOS P+ 7flolH» ^^^sl-^ ^^^}^, 

^71 Mr^M:^ '=>]-&^<U^ «?1(P)# l~-2>10l6/arf^ £-^^5. ol^^<y*>^ 

2] 

^1 1 ^y] STI ^el^ 7)43: ^711 ^^^^ 

[^^•^J- 31 

^1 1 ^^'^l ^7] 1900~2100A^ ^^^1^ ^^^^V^ ^ 
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5] 

NMOS "^^^ PMOS ^e]^ 71^^ ^:iioii STI -arsl-^^ 
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